Abstract Among the four cultivated cotton species, G. hirsutum (allotetraploid) presently holds a primary place in cultivation. Efforts to further improve this primary cotton face the constraints of its narrow genetic base due to repeated selective breeding and hence demands enrichment of diversity in the gene pool. G. arboreum (diploid species) is an invaluable genetic resource with great potential in this direction. Based on the dispersal and domestication in different directions from Indus valley, different races of G. arboreum have evolved, each having certain traits like drought and disease resistance, which the tetraploid cotton lack. Due to lack of systematic, race wise characterization of G. arboreum germplasm, it has not been explored fully. During the present study, 100 polymorphic SSR loci were used to genotype 95 accessions belonging to 6 races of G. arboreum producing 246 polymorphic alleles; mean number of effective alleles was 1.505. AMOVA showed 14 % of molecular variance among population groups, 34 % among individuals and remaining 52 % within individuals. UPGMA dendrogram, based on Nei's genetic distance, distributed the six populations in two major clusters of 3 populations each; race 'bengalense' was found more close to 'cernuum' than the others. The clustering of 95 genotypes by UPGMA tree generation as well as PCoA analysis clustered 'bengalense' genotypes into one group along with some genotypes of 'cernuum', while rest of the genotypes made separate clusters. Outcomes of this research should be helpful in identifying the genotypes for their further utilization in hybridization program to obtain high level of germplasm diversity.
Introduction
Cotton is the world leading natural fiber crop on which the textile industries worldwide are largely based on. The genus Gossypium has 45-50 species, 40-45 are diploid (2n = 2× = 26) while 5 are allotetraploid (2n = 4× = 52). Spinnable fibers are obtained from two allotetraploid (G. hirsutum and G. barbedense) and two diploid (G. herbaceum and G. arboreum) species. Presently, tetraploid cotton (dominantly G. hirsutum) occupies a major fraction (>90 %) of world cotton cultivation because of superior fiber quality and has achieved the status of primary cotton; diploid species being cultivated only in traditional cotton growing areas of India, Pakistan, China, Bangladesh and Iran (Kulkarni et al. 2009 ). Efforts to further improve the plant and fiber traits of primary cotton face the constraints of narrow genetic base due to continuous selective breeding and selection. Enrichment of gene pool with genetic diversity is strongly needed for future gains in fiber industry (Abdalla et al. 2001) . Transfer of allelic variation from diverse cotton germplasm resources to the primary cotton breeding gene pools by intraspecific and interspecific hybridization would be an important step in this direction.
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G. arboreum (also known as Asiatic cotton) germplasm collection is an important genetic resource for tetraploid cotton improvement. G. arboreum has certain inherent qualities, which the tetraploids lack, like the ability to withstand drought and salinity (Maqbool et al. 2010; Tahir et al. 2011 ) and remarkable tolerance to several pests and disease, including bollworms (Dhawan et al. 1991) , aphids and leafhoppers (Nibouche et al. 2008) , rust, fungal (Wheeler et al. 1999) and viral (Mehetre et al. 2004; Akhtar et al. 2010) diseases. Natural G. arboreum fibers display various colours (e.g. white, off-white and tan) also and some of the accessions produce fibers with high strength (Mehetre et al. 2003) . Some efforts have been put for introgressive breeding using G. arboreum as donor species to improve tetraploid cotton, especially for disease resistance and insect tolerance (Ansingkar et al. 2004; Kulkarni 2002) , though the achievement was limited. A major problem in such efforts is the poor understanding of G. arboreum germplasm at molecular level.
A huge collection of G. arboreum germplasm is maintained at different centres worldwide (Kulkarni et al. 2009 ). Domestication of G. arboreum initiated during Indus valley civilization (3300-1300 BCE) (Hutchinson 1954) and from there it spread to different direction worldwide. During this dispersal it became adapted to diverse climate and soil conditions by developing distinct genetic and morphological features, based on which six different races were classified viz. 'indicum', 'burmanicum', 'sinense', 'soudanense', 'bengalense', 'cernuum' (Silow 1944; Hutchinson 1954; Brubaker et al. 1999) . Each race has its own characteristics traits like race 'indicum' (cultivated in west India and coastal Tanzania) yield long fibers, race 'cernuum' (cultivated in North-east India) bear big bolls, higher lint% is observed with race 'bengalense' (cultivated in North and central India) while race 'soudanense' is well adapted to dry climatic conditions of Egypt and North Africa. 'Sinense' and 'burmanicum' are annual forms domesticated and cultivated popularly in China and Myanmar respectively with some cultivation in Northeastern regions of India also. Earlier the races were sown year by year by local farmers and diversity was dynamically maintained. During modern agriculture, new varieties have been introduced, often originating from crosses among elite inbred lines. Because of higher yields, the new varieties have largely replaced the old races. Therefore, analysis of genetic variation between and within races of G. arboreum is prerequisite for exploiting this germplasm in modern cotton improvement programs.
During the last two decades, molecular markers have been extensively used for studying genetic diversity as well as genetic relationship among genotypes across species including cotton species, though much focus has been on the tetraploid cotton germplasm (Abdalla et al. 2001; Lu and Myers 2002; Han et al. 2006 , Abdurakhmonov et al. 2008 Azmat and Khan 2010; Noormohammadi et al. 2011; Surgun et al. 2012; Dahab et al. 2013) . Efforts have also been made for genetic diversity analysis of selected G. arboreum germplasm using different markers like RAPD (Rana and Bhat 2004; Mahmood et al. 2009; Mandaliya et al. 2010; Deosarkar et al. 2010; Dongre et al. 2011) , ISSR Khandagale et al. 2007; Bardak and Bolek 2012) and microsatellites or simple sequence repeats (SSRs) Liu et al. 2006; Dongre et al. 2007; Kantartzi et al. 2009; Deosarkar et al. 2010; Dongre et al. 2011; Noormohammadi et al. 2013) , though no study explored the polymorphism among the six races of G. arboreum. So, the present work was designed to study genetic diversity among elite genotypes of six different races of G. arboreum using microsatellite markers, since microsatellites markers have edge over other marker system in cultivar fingerprinting and diversity studies,
Materials and methods

Plant materials and DNA extraction
Ninety five cotton genotypes belonging to six races of G. arboreum, as described in Table 1 , were selected for the present study. The cotton plants were cultivated in two rows of 6 m length with 30 cm interplant distance in the experimental field of Central Institute of Cotton Research (CICR), regional station, Sirsa, Haryana, India, in a completely randomized design (CRD) with 3 replications. Single plant, having fresh and young leaves, was selected randomly from any of the three replicates of each genotype. Fresh and young leaves of selected plants were subjected to total genomic DNA extraction using CTAB method (Saghai-Maroof et al. 1984) . Quality and quantity of extracted DNA was examined by running on 0.8 % agarose gel as well as by UV-Spectrophotometer method.
Microsatellite analysis
One hundred thirty microsatellite primer pairs were obtained from BNL (Brookhaven National Laboratory), NAU (Nanjing Agricultural University) and MUSS (M-Microsatellite, ULast name of Principal Investigator, SS-Simple Sequences), sources for initial screening. Out of these, only 100 primers produced polymorphic and reproducible band pattern and hence these were selected for present study ( Table 2 ). The sequence information of these primers is available at http:// www.cottonmarker.org.
PCR amplification was performed in a volume of 20 μl containing 2 μl of DNA (50 ng/μl), 0.5 μM of each primer (Sigma-Aldrich), 200 μM of dNTPs (Sigma-Aldrich), 0.5 U Taq polymerase (Sigma-Aldrich) and 1X PCR buffer (SigmaAldrich). Thirty five cycles, each consisting of 1 min denaturation at 95°C, 1 min at annealing temperature (optimized The bold names are the SSR primers which exhibited PIC value greater than or equal to 0.5 separately for each primer pair, generally Tm-5°C) and 2 min polymerization at 72°C, were performed in a thermo cycler (Bio-Rad, USA). The PCR products were separated by electrophoresis in a horizontal gel system at 100 V for 4 h in 4 % metaphor gel and polymorphism was visualized by staining with ethidium bromide. Finally the gel was photographed under Gel Documentation system (Bio-Rad, USA).
Data analysis
The profiles revealed by SSR markers were scored as present (1) or absent (0) for each of the SSR loci. Genetic diversity was calculated at each locus by means of allelic polymorphism information content (PIC) (Anderson et al. 1993) , with program CERVUS version 3.0 based on allelic frequencies among all 95 genotypes. PIC values for each locus were calculated as: PICj = 1-∑p 2 lj, plj is the frequency if the lth allele for locus j and is summed over its L alleles. Markers were classified as informative when PIC ≥0.5.
Several other genetic diversity parameters were determined viz. number of SSR locus (N), number of different allele (N a ), effective number of allele (N e ), Shannon's index (I), observed heterozygosity (H o ) and expected heterozygosity (H e ). The fixation index (F) which is equal to (H exp -H o )/H exp , was also computed for all the loci and population being studied. This was accompanied by Analysis of Molecular Variance (AMOVA) in order to reveal significant difference between various genotypes and population groups. UPGMA (Unweighted Paired Group using Mean Average) dendrogram of 6 population groups was drawn based on Nei's genetic distance, modified from Neighbour procedure of PHYLIP ver. 3.5. Similarity matrices were generated among the cultivars studied using 'Simqual' subprogram of software NTSYS and used for grouping of the genotypes by UPGMA clustering method. Ordination based on principle coordinate analysis (PCoA) was also done. All computations for determination of genetic parameters, clustering, AMOVA and PCoA analysis was done using softwares-NTSYS ver 2.02, POPGENE ver. 3.2 and GenAlex 6.5.
Results and discussion
Microsatellite diversity
The hundred selected microsatellite primer pairs, when used to amplify genomic DNA of selected 95 genotypes of G. arboreum, yielded a total of 240 alleles (all polymorphic), quite distinct on metaphor gels (Supplementary Fig. 1 ). The mean number of alleles obtained per locus was 2.4 while the number of alleles per locus varied from 2 to 6. The PIC values ranged from 0.021 to 0.80 (average 0.206) ( Table 2 ). The average PIC obtained during the present study was less to that obtained by Kantartzi et al. (2009) (average PIC 0.42), while analyzing genetic diversity in G. arboreum cultivars using microsatellites, though the range obtained by them was also different (0.00 to 0.68). Liu et al. (2006) also reported high average PIC (0.31), compared to that obtained in present study, and the average PIC value obtained by Lacape et al. (2007) was also higher (average 0.55) than our value. This variation can be attributed to selection of different genotypes and primers for the study.
Of the 100 selected SSRs loci, 27 loci were found highly informative as they yielded PIC value of ≥0.5. As our df Degree of freedom, SS Sum of squares, MS Mean Square selection of SSR loci was biased towards di-nucleotides, so it was difficult to correlate the polymorphism with the repeat type of SSR loci. SSR polymorphism has, however, sometimes been correlated with repeat length, and dinucleotide AT-rich repeats have been found more polymorphic than other kinds of repeats by some groups like Cavagnaro et al. (2010) and Kantartzi et al. (2009) . Guo et al. (2007) found the polymorphic rate of tetranucleotide and dinucleotide repeat types slightly higher than that of trinucleotide repeat types. Analysis of genetic diversity over all loci showed the mean number of effective alleles (Ne) = 1.505, mean value of Shannon's information index (I) = 0.343 and a mean value of 0.203 expected heterozygosity (He) ( Table 3 ). The highest value of Ne (1.595) was observed for population group 1, while highest value of I (0.359) and He (0.209) occurred in population group 5. Highest observed heterozygosity (Ho) value (0.144) was found in population group 6 whereas lowest value for the same parameters occurred in population group 3.
AMOVA analysis (after 999 numbers of permutations) was performed among populations, within population group and within individuals. The analysis indicated that 14 % of molecular variance is due to 6 population groups, 34 % is due to genetic variations among accessions in each population group and remaining 52 % is observed within individuals (Table 4) . Present analysis showed significant difference among population groups, among individuals of a group and within individuals (p = 0.001). In previous similar study by Wang et al. (2011) , 92 % of total variation was found confined to within population variation whereas only 8 % of total variation was due to among population variation, as analyzed by AMOVA. Noormohammadi et al. (2013) , in diploid cotton genotypes after analysis by AMOVA, found 2 % of total variation due to population groups and 98 % due to genetic variations among accessions in each population group; such a low polymorphism among population groups could be due to inclusion of inter-specific hybrids, second backcross progenies and F 5 plants of the same cross.
UPGMA dendrogram based on Nei's genetic distance distributed 6 population groups into 2 main clusters. Population group 1 (race 'bengalense'), 2 (race Bcernuum') and 6 (race 'burmanicum') formed the first main cluster whereas population group 3 (race 'indicum'), 4 (race 'soudanense') and 5 (race 'sinense') formed the second main cluster (Fig. 1) . The genetic distance coefficient among 6 population groups ranged from 0.046-0.094 (Table 5 ). Evolutionary studies indicate race 'indicum' as most primitive perennial form in western India, dispersal of which to various regions evolved other races like 'burmanicum', 'soudanense', 'sinense' and 'bengalense'. In the present study, indicum showed maximum genetic similarity to race sinense (0.9508) followed by soudanense (0.9273), bangalense (0.9165) and burmanicum (0.9142). 'Cernuum' and 'indicum' were found most distant (0.094). Evolutionary studies indicate 'Cernuum' to have evolved independently in the Assam hills of North-East India and Chittagang hills of Bangladesh (Kulkarni et al. 2009 ). However, during the present investigation, cernuum did not appear as independent group but exhibited remarkable similarities with bengalense and burmanicum, together forming one main cluster in the dendrogram while the rest three formed another main cluster (Fig. 1) . Since, the evolution of these races is not very primitive, the loci used during present investigation may not be polymorphic enough for accurate grouping.
UPGMA tree based on similarity matrix of the 95 G. arboreum accessions, using 100 times bootstrapping, depicted cophenetic correlation value of r = 0.82. The cluster tree analysis distributed the genotypes into two major groups (Fig. 2) . Group 1 consists of all the accessions belonging to race 'bengalense' and 5 accessions of race 'cernuum'. Group 2 consists of other 4 races (5 genotypes each) and 5 genotypes of race 'cernuum' which are distributed randomly, not indicating a clear differentiation of subgroups. The result was similar Fig. 1 A phylogenetic UPGMA tree of six G. arboreum populations, based on Nei's genetic distance and generated by POPGENE ver 3.2 software 15 and 42 (race bengalense). The two major groups shared similarity coefficient of 0.75. Principal coordinate analysis (PCoA) is a technique which highlights the similarities and differences in the given data by reducing the number of dimensions without much loss of information. The PCoA plot of cotton genotypes after 999 reiterations (Fig. 3) supported the grouping obtained by clustering by UPGMA methods. The PCoA plot exhibited one major and distinct group constituting all the genotypes of bengalense along with five accessions of cernuum, while a second diffused group of rest of genotypes of all the races (Fig. 3) .
A narrow genetic base has been reported in Gossypium species (Iqbal et al. 1997; Abdalla et al. 2001) . Plant breeders desire to use Gossypium arboreum as an invaluable genetic resource for improving both diploid and tetraploid cotton production. No study till date has been reported for genetic diversity and population structure characterization of all six races of G. arboreum. The comprehensive molecular characterization of selected cotton germplasm collections, during the present study gives insights regarding the level and distribution of genetic diversity in existing resources and provides insights into genetic subdivisions within each race.
